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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a wafer transfer 
apparatus that can accurately recognize the central position 
of a wafer, even if a sensor detects the outer periphery of 
the orientation flat or notch of the wafer, and to provide a 
vapor phase growth system and a method of transferring 
the wafer. 

SOLUTION: The wafer tranfer apparatus is provided with a 
detector 7 which detects four or more points on the outer 
periphery of the wafer W and an arithmetic section which 
finds four or more candidates for the center position of the 
wafer W through calculation based on the detected results 
of the detector 7. The device is also provided with a 
recognition section which recognizes the true central 
position of the wafer W, by discriminating the position out of 
the candidates found by means of an arithmetic section and 
a transfer mechanism 4 which transports the wafer W to a 
prescribed position based on the true center position of the 
wafer W recognized by means of the recognition section. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The operation part which asks for the candidate of the pin center,large location of a wafer by 
four or more operations based on the detection result by the detection equipment and this detection 
equipment for detecting four or more points of a wafer periphery, The wafer transport device 
characterized by having the recognition section which distinguishes and recognizes a true pin 
center,large location out of the candidate of the pin center,large location called for by this operation part, 
and the conveyance device in which a wafer is conveyed to a position based on the true pin center,large 
location of the wafer recognized by this recognition section. 

[Claim 2] The wafer transport device according to claim 1 characterized by being constituted so that two 
or more points of the periphery by the side of the travelling direction tip of a wafer may be detected and 
four or more points of a wafer periphery may be first detected by subsequently detecting two or more 
points of the periphery by the side of the back end, moving a wafer in the predetermined direction. 
[Claim 3] The light-emitting part with which said detection equipment injects the flux of light of 
predetermined width of face, and this flux of light interrupt, two or more arrangement is carried out and 
the detection sensor constituted by having the light sensing portion which can detect width of face is 
constituted by predetermined spacing. Said operation part Said flux of light by the location of each of 
said detection sensor and the wafer detected by each detection sensor interrupts. Width of face, The 
wafer transport device according to claim 1 characterized by being what performs the 1st operation 
which is alike, is based and asks for the location of a wafer periphery, and the 2nd operation which asks 
for the candidate of the pin center,large location of a wafer based on the location of the wafer periphery 
for which it asked by this 1st operation. 

[Claim 4] Said conveyance device is a wafer transport device according to claim 1 characterized by 
being constituted so that it may convey to a position since it reholds by said attachment component in 
the state of the maintenance which was equipped with the attachment component holding a wafer, faced 
holding by this attachment component and conveying a wafer, once transferred the wafer to the stage 
from said attachment component, and was amended based on said pin center,large location of the 
recognized truth. 

[Claim 5] The wafer transport device according to claim 1 characterized by memorizing beforehand 
criteria mobile data required conveying a wafer to said position, amending said criteria mobile data 
based on said pin center,large location of the recognized truth, and conveying a wafer to a position based 
on the amendment mobile data after this amendment. 

[Claim 6] Vapor growth equipment characterized by having a wafer transport device according to claim 
1 to 5 in the vapor growth equipment for carrying out vapor phase epitaxial growth of the single crystal 
thin film on the main front face of a wafer. 

[Claim 7] The wafer conveyance approach characterized by detecting four or more points of a wafer 
periphery, asking for the candidate of the pin center,large location of a wafer by four or more operations 
based on this detection result, distinguishing and recognizing a true pin center,large location out of this 
candidate of a pin center,large location that asked, and conveying a wafer to a position based on the true 
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pin center,large location of this recognized wafer. 

[Claim 8] The wafer conveyance approach according to claim 7 characterized by detecting two or more 
points of the periphery by the side of the travelling direction tip of a wafer, and detecting four or more 
points of a wafer periphery first by subsequently detecting two or more points of the periphery by the 
side of the back end, moving a wafer in the predetermined direction. 

[Claim 9] The light-emitting part which injects the flux of light of predetermined width of face, and this 
flux of light interrupt, and two or more detection sensors constituted by having the light sensing portion 
which can detect width of face are arranged at predetermined spacing. The location of each of said 
detection sensor, The 1st operation which said flux of light by the wafer detected by each detection 
sensor interrupts, and asks for the location of a wafer periphery based on width of face, The wafer 
conveyance approach according to claim 7 characterized by performing the 2nd operation which asks for 
the candidate of the pin center,large location of a wafer based on the location of the wafer periphery for 
which it asked by this 1st operation, and asking for the candidate of the pin center,large location of a 
wafer by four or more operations. 

[Claim 10] The wafer conveyance approach according to claim 7 characterized by conveying to a 
position since it reholds by said attachment component in the state of the maintenance which faced 
holding a wafer by the attachment component and conveying it, once transferred the wafer to the stage 
from this attachment component, and was amended based on said pin center,large location of the 
recognized truth. 

[Claim 1 1] The wafer conveyance approach according to claim 7 characterized by memorizing 
beforehand criteria mobile data required conveying a wafer to said position, amending said criteria 
mobile data based on said pin center,large location of the recognized truth, and conveying a wafer to a 
position based on the amendment mobile data after this amendment. 



[Translation done.] 



http://ww4.ipdl.ncipi.go.^ 1/3/2005 



Page 1 of 10 




* NOTICES * 
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LThis document has been translated by computer. So the translation may not reflect the original 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the wafer transport device for conveying a wafer, vapor 
growth equipment equipped with this wafer transport device, and the wafer conveyance approach. 
[0002] 

[Description of the Prior Art] Before, as a conveyance device of the wafer for example, in vapor growth 
equipment etc., there are a thing of the Bernoulli chuck type and a thing of a paddle type. Among these, 
where in the case of the Bernoulli chuck type it made this fixing disc meet and non-contact maintenance 
of the wafer is carried out near this fixing disc according to an operation of the gas which blows off with 
sufficient vigor from one side of a disc-like fixing disc, it has the composition that conveyance of a 
wafer is performed. On the other hand, where the periphery section of a wafer is held from the bottom in 
the case of a paddle type (for example, the wafer attachment component of the letter of the abbreviation 
for U characters) (called a paddle), it has the composition that conveyance of a wafer is performed. 
[0003] By the way, since the particle where it soared for the gas stream blowing off in the case of the 
Bernoulli chuck type may adhere to a wafer, from a viewpoint of upgrading of a wafer, it is not 
desirable. Therefore, for upgrading of a wafer, the paddle type which does not use a gas stream is 
convenient. However, after lifting a wafer quietly from the bottom with a paddle, in order to convey, in 
the case of a paddle type, a location gap of a wafer is inherited as it is, and it has the problem that the 
repeatability of the location of the wafer to a paddle is not good, in the case of conveyance. For this 
reason, once holding a wafer with a paddle, the pin center,large (core) location of a wafer needs to be 
recognized based on detection of a sensor etc., it needed to amend based on the pin center,large location 
of this recognized wafer, and the wafer needed to be conveyed. 

[0004] as the conventional approach for recognizing the pin center,large location of a wafer — two lines 
- based on the location of two points of the wafer periphery detected by the sensor (what can measure 
die length), there is a technique of recognizing the pin center,large location of a wafer. With this 
technique, it considers as the both ends of one side inserted into 2 with two equal isosceles triangles of 
the detected wafer periphery angles, and, specifically, the location of the top-most vertices of this 
isosceles triangle, i.e., the pin center,large location of a wafer, is calculated for two sides with this equal 
isosceles triangle as a radius of a wafer. If a wafer is a perfect round shape, a wafer is suitable, and it is 
not involved how, but the pin center,large location of a wafer can always be calculated by this operation 
approach. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the orientation flat (henceforth, cage hula) or 
notch for distinguishing crystal orientation is usually formed in the wafer. Here, a cage hula is the part 
which cut off the predetermined part of the edge of a wafer in the shape of a straight line, and a notch is 
the part which cut in the shape of [ which can scoop out the predetermined part of the edge of a wafer 
inside ] radii, and was lacked. That is, a wafer is not a perfect round shape anyway. And depending on 
the sense of the wafer at the time of a sensor detecting a periphery, a sensor may detect the periphery of 
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a cage hula or a notch. Therefore, in case the pin center,large location of a wafer is calculated by the 
conventional operation approach, when the sensor has detected the periphery of a cage hula or a notch, it 
is based on this detection and a pin center,large location is calculated accidentally, and in order to 
recognize this result of an operation to be a right pin center,large location, conveyance of a wafer is not 
performed correctly. 

[0006] This invention was made in order to solve the above troubles, and even if it is the case where the 
sensor has detected the periphery of a cage hula or a notch even if, it aims at offering the wafer transport 
device, the vapor growth equipment, and the wafer conveyance approach of recognizing the pin 
center,large location of a wafer correctly. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the wafer 
transport device of this invention The operation part which asks for the candidate of the pin center,large 
location of a wafer by four or more operations based on the detection result by the detection equipment 
and this detection equipment for detecting four or more points of a wafer periphery, It is characterized 
by having the recognition section which distinguishes and recognizes a true pin center,large location out 
of the candidate of the pin center,large location called for by this operation part, and the conveyance 
device in which a wafer is conveyed to a position based on the true pin center,large location of the wafer 
recognized by this recognition section. It is desirable that the detecting points by detection equipment 
consider as the configuration separated from the width of face of a cage hula (or notch) at least with 
detection equipment here so that two or more points of the periphery of a cage hula (or notch) may not 
be detected to coincidence. Moreover, the wafer conveyance approach of this invention detects four or 
more points of a wafer periphery, asks for the candidate of the pin-center,large location of a wafer by 
four or more operations based on this detection result, distinguishes and recognizes a true pin- 
center,large location out of this candidate of a pin-center,large location that asked, and is characterized 
by to convey a wafer to a position based on the true pin-center,large location of this recognized wafer. 
[0008] When detection equipment detects four points of a wafer periphery, for example, operation part 
First, it considers as the both ends of one side inserted into adjacent 2 with two equal isosceles triangles 
(there are 4 sets) (there are four) angles among these four detected points, the location of the top-most 
vertices (there are four) of this isosceles triangle is calculated for two sides with this equal isosceles 
triangle as a radius (that is, the case where the diameter of a wafer is 200mm -- two equal sides ~ 
respectively - 100mm) of a wafer. Thereby, four candidates of a pin center,large location are called for. 
Here, when [ of four points detected with detection equipment ] all are not what detected the periphery 
of a cage hula (or notch), all of the result of an operation of four candidates of a pin center,large location 
are in agreement, and the recognition section recognizes this pin center ,large location to be a true pin 
center,large location. On the other hand, temporarily, when one detecting point detects a cage hula (or 
notch), the result of an operation of two candidates of a pin center,large location is in agreement. 
Moreover, unlike two candidates in agreement, the result of an operation (candidate of a pin center,large 
location who calculated based on the periphery of a cage hula) of two candidates who remain serves as a 
location which is moreover mutually different. In this case, the recognition section distinguishes that the 
point that two candidates are in agreement is a true pin center,large location, and recognizes. Moreover, 
although detailed explanation is omitted, also when detection equipment detects five or more points of a 
wafer periphery, the recognition section distinguishes and recognizes a true pin center,large location in 
majority among the candidates of two or more pin center,large locations who calculated by operation 
part. Thus, even if the number of the points which detection equipment detects is how many (four 
[ however, ] or more), a true pin center,large location can be recognized. 

[0009] Thus, according to this invention, even if it is the case where the cage hula (or notch) has been 
detected even if (detection equipment), a true pin center,large location can be recognized and a wafer 
can be conveyed to a position based on this pin center,large location of the recognized truth. 
[0010] Moreover, as for the wafer transport device of this invention, it is desirable to be constituted so 
that two or more points of the periphery by the side of the travelling direction tip of a wafer may be 
detected and four or more points of a wafer periphery may be first detected by subsequently detecting 
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two or more points of the periphery by the side of the back end, moving a wafer in the predetermined 
direction. Here, migration of the wafer at the time of detecting the periphery of a wafer may be straight- 
line migration, and may be curvilinear migration (for example, radii-like migration). Furthermore, the 
wafer conveyance approach of this invention detects two or more points of the periphery by the side of 
the travelling direction tip of a wafer first, subsequently it is detecting two or more points of the 
periphery by the side of the back end, and it is desirable [ moving a wafer in the predetermined 
direction, ] to detect four or more points of a wafer periphery. 

[001 1] According to this invention, since it has a number smaller than the number of the points of the 
wafer periphery which should be detected of detection sensors and is sufficient, there are few detection 
sensors, it ends and detection equipment has it. [ economical ] When detecting four points of a wafer 
periphery, if it has two detection sensors, specifically, it is sufficient for detection equipment. Moreover, 
since it can also consider as the configuration which detects a wafer periphery in process of conveyance 
and special time amount for detection is not needed in this case, it is efficient. 

[0012] The light-emitting part with which said detection equipment more specifically injects the flux of 
light of predetermined width of face, This flux of light interrupts, two or more arrangement is carried out 
and the detection sensor constituted by having the light sensing portion which can detect width of face is 
constituted by predetermined spacing. Said operation part Said flux of light by the location of each of 
said detection sensor and the wafer detected by each detection sensor interrupts. Width of face, It is 
desirable to perform the 1st operation which is alike, is based and asks for the location of a wafer 
periphery, and the 2nd operation which asks for the candidate of the pin center,large location of a wafer 
based on the location of the wafer periphery for which it asked by this 1st operation, moreover, the 
conveyance approach of this invention more specifically The light-emitting part which injects the flux of 
light of predetermined width of face, and this flux of light interrupt, and two or more detection sensors 
constituted by having the light sensing portion which can detect width of face are arranged at 
predetermined spacing. The location of each of said detection sensor, The 1st operation which said flux 
of light by the wafer detected by each detection sensor interrupts, and asks for the location of a wafer 
periphery based on width of face, It is desirable to perform the 2nd operation which asks for the 
candidate of the pin center,large location of a wafer based on the location of the wafer periphery for 
which it asked by this 1st operation, and to ask for the candidate of the pin center,large location of a 
wafer by four or more operations. 

[0013] Moreover, since a conveyance device is reheld by said attachment component in the state of the 
maintenance which was equipped with the attachment component holding a wafer, faced holding by this 
attachment component and conveying a wafer, once transferred the wafer to the stage from said 
attachment component, and was amended based on said pin center,large location of the recognized truth, 
it is desirable to be constituted so that it may convey to a position. Furthermore, since the wafer 
conveyance approach of this invention is reheld by said attachment component in the state of the 
maintenance which faced holding a wafer by the attachment component and conveying it, once 
transferred the wafer to the stage from this attachment component, and was amended based on said pin 
center,large location of the recognized truth, conveying to a position is desirable. 
[0014] Or it is also desirable to memorize beforehand criteria mobile data required to convey a wafer to 
said position, to amend said criteria mobile data based on said pin center,large location of the recognized 
truth, and to convey a wafer to a position based on the amendment mobile data after this amendment. 
[0015] 

[Embodiment of the Invention] Hereafter, the gestalt of operation concerning this invention is explained 
with reference to a drawing. As shown in drawing 1 , vapor growth equipment 10 arranges Wafer (a 
semi-conductor single crystal substrate or epitaxial wafer) W on the interior. The fission reactor 1 for 
carrying out vapor phase epitaxial growth of the single crystal thin film on the main front face of this 
wafer W, Load-lock-chamber 6a for throwing in the wafer W in front of epitaxial growth in equipment 
10, Load-lock-chamber 6b for taking out the wafer W after epitaxial growth out of equipment 10, The 
handler 4 for conveying Wafer W between load-lock-chamber 6a and a fission reactor 1 and between a 
fission reactor 1 and load-lock-chamber 6b (conveyance device), The gate valves 5a, 5b, and 5c for 
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opening and closing between between the conveyance room 3 where it was equipped with this handler 4, 
and the conveyance rooms 3 and fission reactors 1, the conveyance room 3, and load-lock-chamber 6a, 
and between the conveyance room 3 and load-lock-chamber 6b, respectively, Based on the detection 
result by the detection equipment 7 and this detection equipment 7 for detecting four or more points of a 
wafer periphery, it has the control section 9 ( drawin g 2 ) which calculates and recognizes the true pin 
center,large location of Wafer W, and the outline configuration is carried out. 

[0016] Among these, a handler (conveyance device) 4 is formed in the end of the horizontally rotatable 
rotation member 41 and this rotation member 41 centering on the supporting-point section 43 (for 
example, center of the conveyance room 3), it is equipped with the paddle 42 which functions as a wafer 
attachment component, and the outline configuration is carried out. This paddle 42 holds Wafer W for 
the flat-surface configuration of the letter of the abbreviation for U characters on nothing and its top 
face, as shown in drawing 3 and drawing 4 . Moreover, the rotation member 41 is constituted possible 
[ telescopic motion ] so that the distance from the supporting-point section 43 to a paddle 42 can be 
adjusted. And a paddle 42 moves in the inside 6a and 6b of the conveyance room 3, a load lock 
chamber, and a fission reactor 1, is made to follow it on this migration with rotation and telescopic 
motion of the rotation member 41 , and conveys the wafer W on this paddle 42. 

[0017] Moreover, in the fission reactor 1, as shown in drawing 1 , in case epitaxial growth is performed, 
the susceptor 2 in which Wafer W is laid is formed. As shown in drawing 4 , this susceptor 2 has a core 
hollowed by the configurations of the disc-like inside susceptor 21 and this inside susceptor 21, it is 
equipped with this inside susceptor 21 and the disc-like outside susceptor 22 with an equal core, and the 
outline configuration is carried out. Among these, spot facing 221 is formed in the top face of the 
outside susceptor 22. It is the crevice in which Wafer W is laid in the case of epitaxial growth, and rather 
than the diameter of Wafer W, this spot facing 221 is set as a big diameter a little (for example, about 
3mm), it is in the thickness of Wafer W, abbreviation, etc. by carrying out, and is set as the depth. On 
the other hand, the diameter of the inside susceptor 21 is set up smaller than the bore (bore of the letter 
part of the abbreviation for U characters) of a paddle 42. Moreover, this inside susceptor 21 receives 
Wafer W from a paddle 42, and in order to lay this received wafer W in spot facing 221 or to transfer the 
wafer W on spot facing 221 to a paddle 42, it is constituted possible [ rise and fall ]. 
[0018] Here, actuation of the susceptor 2 at the time of laying the wafer W on a paddle 42 in spot facing 
221 is explained using drawing 4 . First, a paddle 42 is stopped where the wafer W held on the paddle 42 
is conveyed right above the inside susceptor 21 (the halt location of this paddle 42 is hereafter called 
transfer location). Next, if the inside susceptor 21 is raised in this condition more highly than a paddle 
42 (condition [ of drawing 4 ] of (b) - drawing 4 of (c)), the wafer W currently held on the paddle 42 till 
then will shift to the condition of having been supported by the inside susceptor 21 (condition of (c) of 
drawing 4 ). Here, in (b) of drawing 4 , and (c), in order to prevent that actuation of the inside susceptor 
21 disappears with Wafer W, the alternate long and short dash line illustrated Wafer W. Thus, after 
making the inside susceptor 21 support Wafer W, a paddle 42 is retreated so that it may not become the 
hindrance of descent of Wafer W, then the inside susceptor 21 is dropped so that the spot facing 221 of 
the outside susceptor 22 and a mutual top face may serve as abbreviation flush. Thereby, it will be laid 
by Wafer W in spot facing 221, and it will become possible [ performing epitaxial growth ]. In addition, 
the wafer W after epitaxial growth can be moved from on spot facing 221 on a paddle 42 with a 
procedure contrary to the above. That is, Wafer W is raised from spot facing 221 until it becomes a 
location higher than a paddle 42 by raising the inside susceptor 21 first, next a paddle 42 is moved to 
said transfer location, then if the inside susceptor 21 is dropped until it becomes a low location from a 
paddle 42, Wafer W will shift to the condition of having been held at the paddle 42. 
[0019] Moreover, the wafer W just behind the epitaxial growth taken out from the fission reactor 1 is 
once laid, predetermined time neglect is carried out, and the cooling block 31 for making Wafer W cool 
in the meantime is formed in the corner by the side of the fission reactor 1 in the conveyance room 3 
(load-lock-chamber 6b side) ( drawin g 1 ). This cooling block 3 1 as well as the inside susceptor 21 is 
constituted possible [ rise and fall ] in order to deliver and receive Wafer W between paddles 42. That is, 
after epitaxial growth is completed, Wafer W is taken out from a susceptor 2 by the paddle 42, and is 
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taken out from a fission reactor 1 . This wafer W is not conveyed by direct load-lock-chamber 6b through 
the conveyance room 3, but it is conveyed by the paddle 42 in the cooling block 3 1 upper part, and is 
supported on a cooling block 31 because a cooling block 3 1 goes up in this condition, and 
predetermined time cooling is once carried out in this condition. In addition, during this cooling-off 
period, a paddle 42 goes to take the new wafer W to load-lock-chamber 6a, this is conveyed to a 
susceptor 2, and the following epitaxial growth is started. 

[0020] Next, the detection equipment 7 which is a main configuration concerning this invention is 
equipped with two detection sensors 71 and 71, and is constituted ( drawing 3 ). As shown in drawing 5 , 
these detection sensors 71 and 71 are based on light-emitting part 71a which injects the flux of lights Kl 
and K2 of predetermined width of face (for example, about 16mm; suppose that it is 16mm, for example 
with this operation gestalt), and the obstruction of these flux of lights Kl and K2, respectively, are 
interrupted, are equipped with light sensing portion 71b which can detect width of face, and are 
constituted. Arrangement of these two detection sensors 71 and 71 In the process which it is held at a 
paddle 42 and Wafer W moves, ** With this wafer W Every [ which is injected from both light-emitting 
parts 71a and 71a / of the flux of lights Kl and K2 / a part ] is interrupted. It is the arrangement which 
fulfills the conditions 2 that fulfill the conditions 1 to say and both flux of lights Kl and K2 are not 
interrupted by coincidence by the cage hula F irrespective of the sense of the wafer W on the ** paddle 
42. Two detection sensors 71 and 71 specifically As shown in drawin g 5 , both flux of lights Kl and K2 
become parallel mutually, and in order are good to arrange in the condition that the migration side I of 
Wafer W and both flux of lights Kl and K2 of both cross at right angles and to fulfill the above- 
mentioned conditions 1 and 2 in this case It is good to have spacing to which spacing of both flux of 
lights Kl and K2 becomes larger than the width of face of the cage hula F smaller than the diameter of 
Wafer W, and to arrange two detection sensors 71 and 71 . It **** and two detection sensors 71 and the 
method of arrangement of 71 should just fulfill not only an example but the above-mentioned conditions 
1 and conditions 2 which were shown in drawi ng 5 . Therefore, supposing it defines more two detection 
sensors 71 and the method of arrangement of 71 as a wide sense Spacing for an intersection (two places) 
of the flux of lights Kl and K2 and the migration side of Wafer W If it is the arrangement, then such 
[ that it is good and ] arrangement which become larger than the width of face of the cage hula F smaller 
than the diameter of Wafer W, the direction of the flux of lights Kl and K2 will not be asked (the 
location of light-emitting part 71a and light sensing portion 71b is not asked). In addition, although two 
detection sensors 71 and 71 are arranged with the gestalt of this operation so that the cross direction 
(longitudinal direction) of the flux of lights Kl and K2 and the migration direction of the wafer W in the 
case of detection may be in agreement, this is for making easy the operation after the flux of lights Kl 
and K2 by Wafer W interrupting and detecting width of face like the after-mentioned. With the gestalt of 
this operation, in order to carry out straight-line migration of the wafer W in the case of detection, it 
considers as the arrangement to which the cross direction of both flux of lights Kl and K2 becomes 
parallel. Moreover, light-emitting part 71a of two detection sensors 71 and 71 is allotted to the upper 
part of the conveyance room 3 so that it may be the sense which can be injected in a vertical lower part 
and may not become the hindrance of migration of a handler 4 and Wafer W about said flux of lights Kl 
and K2. On the other hand, light sensing portion 71b is allotted to the lower part of the conveyance room 
3 so that light-emitting part 71a may be faced through the migration field of Wafer W possible [ light- 
receiving of said flux of lights Kl and K2 ] and it may not become the hindrance of migration of a 
handler 4 and Wafer W. With the gestalt of this operation, the diameter of the wafer W to convey 
decides to give explanation in the case of being 200mm, and, specifically, spacing (spacing of both flux 
of lights Kl and K2) of the direction of a flat surface of detection sensor 71 is set to 120mm. 
[0021] Moreover, as shown in drawing 2 , a control section 9 is equipped with CPU91, ROM92, and 
RAM93 grade, and is constituted. Among these, CPU91 performs the operation concerning the motion 
control and this invention of each component of vapor growth equipment 10 etc. ROM92 memorizes an 
object for control, the program for an operation and the object for control, data for an operation, etc. 
based on CPU91 (coordinate value on said basic system of coordinates of the middle points Gl and G2 
mentioned later etc.). Moreover, RAM93 has the working area of CPU91, and the storage region of 
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various data (detection value by the detection sensor 71 etc.). 

[0022] the procedure for recognizing the pin center,large location of the wafer W on a paddle 42 here - 
an outline — it is as follows. First, the detection sensors 71 and 71 of detection equipment 7 detect four 
points of the periphery of Wafer W. This detection value (the flux of lights Kl and K2 by Wafer W 
interrupt, and it is width of face) is inputted into a control section 9. Furthermore, CPU91 of a control 
section 9 performs the 1st operation which asks for the location of the periphery of Wafer W based on 
the location of the detection sensors 71 and 71 beforehand remembered to be the detection values 
inputted from the detection sensors 71 and 71. In addition, although it was indicated as "the location of 
the detection sensor 71" here since it was easy Specifically, this is the location for an intersection of the 
flux of lights Kl and K2 injected from "light-emitting part 71a, and the migration side of Wafer W 
(suppose that it is the case Gl and G2 of the gestalt of this operation, for example, the middle points for 
this intersection.). It is what is been " and becomes settled according to the location of light-emitting part 
71a and the sense, and the migration side of Wafer W. Next, based on the location of the periphery of 
the wafer W for which it asked by the 1st operation of the above, the 2nd operation which asks for four 
candidates of the pin center,large location of Wafer W, for example is performed. Next, out of four 
candidates of these pin center,large location, a true pin center,large location is distinguished and this is 
recognized to be a true pin center,large location. That is, a control section 9 is equipped with the 
function as the operation part and the recognition section of this invention. 
[0023] Moreover, vapor growth equipment 10 is equipped with the device for amending the 
maintenance condition of the wafer W by the paddle 42 based on said pin center,large location of the 
recognized truth. That is, as shown in drawing 1 and drawing 3 , vapor growth equipment 10 equips the 
comer by the side of a fission reactor 1 in the conveyance room 3 (load-lock-chamber 6a side) with the 
stage 8 of the same configuration as a cooling block 3 1 . And after recognizing the true pin center,large 
location of the wafer W on a paddle 42, after transferring Wafer W on a stage 8 from on a paddle 42, it 
can once rehold in the state of the maintenance amended based on said pin center,large location of the 
recognized truth. In addition, subsequently the detection sensors 71 and 71 are first arranged on the 
location which can detect two by the side of the back end in two by the side of the travelling direction 
tip of Wafer W, in case the wafer W held on the paddle 42 is turned to a stage 8 and it is made to move 
in the shape of a straight line. 

[0024] Next, the procedure of conveying the wafer W in load-lock-chamber 6a to a fission reactor 1 
through the conveyance room 3 is explained to a detail. 

[0025] In load-lock-chamber 6a, the cassette by which two or more wafers W were carried is arranged 
beforehand. First, in order to make the wafer W in load-lock-chamber 6a hold on one sheet and a paddle 
42, while changing gate valve 5b into an open condition, the rotation member 41 is rotated so that a 
paddle 42 may turn to load-lock-chamber 6a, and the rotation member 41 is expanded. Thereby, if one 
wafer W is held on a paddle 42, expanding of the rotation member 41 is stopped, and while drawing in 
one's rotation member 41, carrying in Wafer W in the conveyance room 3 and making gate valve 5b into 
a closed state shortly, the rotation member 41 will be rotated clockwise, the rotation member 41 is 
rotated until a paddle 42 turns to a stage 8 — making (condition of drawing 3 ) — this rotation is stopped, 
the rotation member 41 is expanded, the wafer W on a paddle 42 is turned to a stage 8, and it is made to 
move in the shape of a straight line 

[0026] In the process of this migration, the flux of lights Kl and K2 of the both sides injected from the 
light-emitting parts 71a and 71a of the detection sensors 71 and 71 are both first interrupted at a time in 
the phase where only the predetermined length LI expanded the rotation member 41 by one right and 
left by the side of the travelling direction tip of Wafer W. The flux of lights Kl and K2 at this time 
interrupt, width of face (two), i.e., the detection value by both light sensing portions 71b and 71b, is 
inputted into a control section 9, and it is memorized by RAM93. In addition, detection coordinate 
A 1 (location of the right-hand side by the side of the travelling direction tip of Wafer W) and detection 
coordinate B f (location of the left-hand side by the side of the travelling direction tip of Wafer W) are 
called for by performing the operation later mentioned using these two detection values ( drawing 7 (b)). 
Furthermore migration of Wafer W is advanced and both flux of lights Kl and K2 are both interrupted at 
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a time by one right and left by the side of the back end of Wafer W in the phase where only the 
predetermined length L2 (the case of this example, for example, L2=L 1+1 60mm) expanded the rotation 
member 41. The detection value (two) by the light sensing portion of the both sides at this time is 
similarly inputted into a control section 9, and is memorized. Detection coordinate C (location of the 
left-hand side by the side of the travelling direction back end of Wafer W) and detection coordinate 
D 1 (location of the right-hand side by the side of the travelling direction back end of Wafer W) are called 
for by performing the operation mentioned later similarly also with these two detection values. It will be 
in the condition that the detection value of four convenience was memorized above. 
[0027] Also after that, if migration of Wafer W advances and it reaches above the stage 8 soon, 
expanding of the rotation member 41 will stop, a stage 8 will go up, and the wafer W on a paddle 42 will 
be transferred on a stage 8. In addition, if four detection values are memorized as mentioned above, 
while moving Wafer W to a stage 8 in this way, the operation which asks for the true pin center,large 
location of Wafer W is performed. Hereafter, the procedure of this operation is explained to a detail 
using drawing 7 . 

[0028] First, the basic system of coordinates for asking for the location of the periphery of Wafer W are 
defined. These basic system of coordinates are X-Y plane-coordinates systems which the above- 
mentioned procedure detects four points of a wafer periphery, make into Zero O (0 0) the pin 
center ,large location of the wafer W calculated based on this detection result, and the travelling direction 
of the wafer W which goes to a stage 8 is made in agreement with a Y-axis, and are obtained, when 
Wafer W is correctly held on a paddle 42 (refer to drawing 7 (a)), here, the maintenance condition of 
Wafer W is not amended with the right maintenance condition of the wafer W by the paddle 42 — also 
coming out — it is the thing of the maintenance condition which can transfer the wafer W on a paddle 42 
to the core of the spot facing 21 1 of a susceptor 2 by moving a paddle 42 to a predetermined halt 
location (said transfer location). Furthermore, since it is easy, the scale of basic system of coordinates 
only sets die length of 1mm to 1 . 

[0029] Next, suppose that they are four detection coordinates which can be found when four places of 
the periphery of Wafer W are detected where Wafer W is correctly held on a paddle 42 A (a, b), B (- a, 
b), C (- a, -b), and D (a, -b). In addition, Wafer W of a detection coordinate here is a coordinate at the 
time of [ perfect ] assuming that it is circular. A detection coordinate is searched for by converting the 
periphery location of the wafer W at the time of acquiring this detection value into the coordinate of said 
basic system of coordinates based on the location (for example, the above-mentioned middle points Gl 
and G2) of the detection sensors 71 and 71 beforehand remembered to be said detection values (the flux 
of light interrupting width of face). 

[0030] Here, correspondence with a detection value and a detection coordinate is explained to a detail. 
First, the location of the above-mentioned middle points Gl and G2 is divided into two kinds, 
respectively, is converted into the coordinate of said basic system of coordinates, and is memorized 
beforehand. That is, it is the coordinate used in case the detection value at the time of detecting in the 
coordinate used in case the detection value at the time of detecting the periphery of Wafer W in the 
phase where only the predetermined length LI expanded the rotation member 41, with two kinds of 
coordinates here is converted, and the phase which only the predetermined length L2 expanded is 
converted. The conversion to the detection coordinate of a detection value are performed as follows. 
First, the magnitude of a detection value (interrupting width of face) shows to which (either of the 
supporting-point section 43 sides of a stage 8 side and the rotation member 41) of Y shaft orientations 
the periphery location of the wafer at the time of detection has shifted to the middle points Gl and G2. 
Since the middle points Gl and G2 are the crosswise cores of the flux of lights LI and L2 with a width 
of face of 16mm, it turns out that it interrupted, and the periphery location of the wafer at the time of 
detection will be shifted to the supporting-point section 43 side 1mm rather than the middle points Gl 
and G2 for example, if width of face is 7mm. Therefore, the value which deducted 1 from the Y 
coordinate of the middle points Gl and G2 beforehand memorized in this case serves as Y coordinate of 
a wafer periphery location. By performing such conversion to the detection value at the time of detecting 
the rotation member 41 in the phase which only the predetermined length LI expanded, and the 
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detection value at the time of detecting in the phase which only the predetermined length L2 expanded, 
respectively Each Y coordinate of the four above-mentioned detection coordinates A (a, b), B (- a, b), C 
(. a , -b), and D (a, -b) is called for. Moreover, it is necessary not to dare calculate about X coordinate. 
This is because it is arranged so that the cross direction (longitudinal direction) of the flux of lights Kl 
and K2 may become equal to the migration direction of the wafer W in the case of detection as for two 
detection sensors 71 and 71 as mentioned above. In addition, it is necessary to divide the coordinate of 
the middle points Gl and G2 into two kinds in this way for dividing into two steps of the phase where 
only the predetermined length LI expanded the rotation member 41, and the phase which only the 
predetermined length L2 (=L 1+1 60mm) expanded with this operation gestalt, and detecting the 
periphery of a wafer. For example, if the detection sensors 71 and 71 of a pair and the same detection 
sensor (since it is virtual illustration abbreviation) of a pair are arranged at intervals of 160mm in 
accordance with Y shaft orientations to the detection sensors 71 and 71 and these two pairs of detection 
sensors (four convenience) detect four points of a wafer periphery at once, it is not necessary to divide 
into two kinds in this way. 

[0031] Next, the pin center,large location of the wafer W in case there is possibility that the wafer W on 
a paddle 42 has shifted from the right location (it has shifted to said right maintenance condition) is set 
to P (x y). In this case, suppose that they are four detection coordinates calculated like the above- 
mentioned procedure A' (a, b+yl), B f (- a, b+y2), C (- a, -b+y3), and D f (a, -b+y4) ( drawing^ (b)). In 
addition, as mentioned above, since it is arranged so that the cross direction (longitudinal direction) of 
the flux of lights Kl and K2 may become equal to the migration direction of the wafer W in the case of 
detection, both the X coordinate of above-mentioned detection coordinate D* and A ! is set to a, its two 
detection sensors 71 and 71 correspond, and both the X coordinate of detection coordinate B f and C f is 
set to -a, and corresponds. For this reason, the operation expression explained later is easy. About yl, 
y2, y3, and y4, moreover, four detection coordinates A 1 (a, b+yl), It can ask by deducting each Y 
coordinate of the four above-mentioned detection coordinates A (a, b), B (- a, b), C (-a, -b), and D (a, -b) 
from each Y coordinate of B' (-a, b+y2), C (-a, -b+y3), and D f (a, -b+y4). 

[0032] here - drawing 7 - (-- b --) - being shown - a triangle - A'B'P - a triangle - B'CP - a triangle 
— C — 1 — D — 1 — P — a triangle ~ D ~ ' — A — 1 — P ~ respectively ~ a wafer — W — a radius - being 
equal ~ two — a side — ** — carrying out — an isosceles triangle — it is . For example, when triangle 
B f CT is taken for an example, the die length of B'C is [Equation 1], 
S* B'C'= (b+y z ) - (-b+y 3 ) =Zb+y 2 -y3 - (1) 

It becomes. Moreover, when the middle point of side B'C is set to E, the die length of EC is [Equation 

It beco mes. Moreover, th e value of the die length of EP and x, and y is [Equation 3], respectively. 
»SEP=V100M6SEC') Z -C3) 

[Equation 4] 

x=fiaE ^ a =yiiirp^ _ a ... {4) 

[Equation 5] 

y= f-h*) +**EC'= (-b + y 3 ) + - (5) 

It becomes. The candidate (it considers as the 1st candidate CI) of the coordinate of the pin center,large 
location P (x y) who calculated based on the coordinate of detection coordinate B' and detection 
coordinate C by substituting y2 and y3 for which the above-mentioned (4) formula and (5) types were 
asked the account of a top can be found. Moreover, the candidate (it considers as the 2nd candidate C2) 
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of the coordinate of the pin center,large location P (x y) can be similarly found one more about triangle 
D'A'P. Furthermore, although it becomes complicated count somewhat about triangle A'BT and triangle 
CDT, the candidate (the 3rd candidate C3 and the 4th candidate C4) of the coordinate of the pin 
center,Iarge location P (x y) can be found too. 

[0033] Here, when four detection coordinates all are not what detected the periphery of a cage hula, 
since all of four candidates are in agreement, they are distinguished and recognized that this point is the 
true pin center,large location P (x y). On the other hand, when any one detection coordinate detects a 
cage hula, the result of an operation of two candidates of a pin center,large location is in agreement. 
Moreover, the result of an operation (candidate of a pin center,large location who calculated based on 
the periphery of a cage hula) of two candidates who remain serves as a location which differs also from 
two candidates in agreement and is moreover mutually different. In this case, the point that two 
candidates are in agreement is distinguished and recognized to be the true pin center,large location P (x 
y). That is, the true pin center,large location P (x y) can be recognized anyway, for example, as shown in 
drawin g 8 (a), when detection coordinate A' is the coordinate acquired as a result of detecting the cage 
hula F of Wafer W The 1st candidate CI and the 4th candidate C4 who calculate without the 2nd 
candidate C2 and the 3rd candidate C3 ( drawing 8 (b)) who calculate based on detection coordinate A' 
using not a true pin center,large location but detection coordinate A f become a true pin center,large 
location. 

[0034] Thus, if recognition of the true pin center,large location P of Wafer W (x y) and a transfer of the 
wafer W to a stage 8 top are completed next, the maintenance condition of the wafer W by the paddle 42 
will be amended. For that, the amount of gaps of the true pin center,large location P of the wafer W 
currently held on the paddle 42 before the installation to a stage 8 (x y), and the zero O of said X-Y 
coordinate system (0 0) is calculated first. Subsequently, only the amount of gaps calculated by this 
operation amends the location of a paddle 42. Subsequently, a stage 8 is dropped and the wafer W on a 
stage 8 is made to hold on a paddle 42 again. In this phase, if Wafer W is correctly held on a paddle 42, 
therefore the above-mentioned detection and an operation are again performed in this condition, the pin 
center,large location of Wafer W is in agreement with Zero O (0 0). 

[0035] In addition, especially the technique reheld in this way once it puts on a stage 8 applies and is 
effective when the attachment component of a wafer is a paddle 42. That is, when amending temporarily 
the halt location of the paddle 42 which goes to a susceptor 2 when conveying Wafer W with a paddle 
42, then the path clearance of the inside susceptor 21 and a paddle 42 are small, in case the inside 
susceptor 21 goes up, this inside susceptor 21 may collide with a paddle 42. on the other hand, the halt 
location (said transfer location) of the paddle 42 which once puts Wafer W on a stage 8, and will go to a 
susceptor 2 with a paddle 42 like this invention if it conveys to a susceptor 2, since it reholds in the 
suitable maintenance condition beforehand — each time — being fixed — a sake ~ the inside susceptor 21 
~ a paddle 42 — colliding — things — there is nothing . 

[0036] Moreover, the rotation member 41 is clockwise rotated after drawing in its rotation member 41 
until a paddle 42 turns to a fission reactor 1, if the maintenance condition of the wafer W by the paddle 
42 is amended in this way. And while changing gate valve 5a between the conveyance room 3 and a 
fission reactor 1 into an open condition, the rotation member 41 is elongated, the wafer W on a paddle 
42 is carried in in a fission reactor 1 , and Wafer W is conveyed to the predetermined halt location right 
above the inside susceptor 21 of a susceptor 2 (said transfer location) ((b) of drawin g 4 ). Subsequently, 
according to the above-mentioned procedure, Wafer W is laid on the spot facing 211 of a susceptor 2 
((c) of drawing 4 ). Since the maintenance condition of the wafer W by the paddle 42 is amended 
beforehand here, Wafer W is certainly laid in the core of spot facing 211. 

[0037] Thus, epitaxial growth is started, after drawing in one's rotation member 41, returning a paddle 
42 in the conveyance room 3 and making gate valve 5a into a closed state, if Wafer W is laid in spot 
facing 211. Moreover, after epitaxial growth is completed, and opening gate valve 5a, taking out the 
wafer W after epitaxial growth from a fission reactor 1 by the handler 4 and making it once cool on a 
cooling block 31, it conveys to load-lock-chamber 6b, and is made to contain in the cassette beforehand 
arranged on this load-lock-chamber 6b. 
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[0038] Since detection equipment 7 detects the location of four points of a wafer periphery, it asks for 
four candidates of the pin-center,large location of Wafer W based on this detection result and a true pin- 
center,large location distinguishes and recognizes out of the candidate of this called-for pin-center,large 
location according to the gestalt of the above operations, even if it is the case where detection equipment 
7 has detected the periphery of a cage hula even if, a true pin-center,large location can recognize. And 
based on this recognition result, Wafer W can be correctly conveyed to a susceptor 2. Moreover, since 
two points of the periphery by the side of the travelling direction tip of Wafer W are detected and the 
location of four or more points of a wafer periphery is first detected by subsequently detecting two 
points of the periphery by the side of the back end, turning and moving Wafer W to a stage 8, if it has 
two detection sensors, it is sufficient for detection equipment (there being no need of having four), and it 
is economical. 

[0039] In addition, although the example which detects a wafer periphery was explained with the gestalt 
of the above-mentioned operation, moving a wafer in the shape of a straight line, this invention is good 
also as detecting the location by the side of a travelling direction tip and the back end, moving not only 
this but a wafer for example, in the shape of radii. In this case, although the technique of the operation of 
the candidate of a pin center,large location differs somewhat, a true pin center,large location can be 
recognized similarly. Moreover, although the example which detects four points of a wafer periphery 
was explained, you may make it this invention detect five or more points of not only this but a wafer 
periphery. Also in this case, a true pin center,large location can be similarly distinguished and 
recognized in majority among the candidates of two or more pin center,large locations who calculated. 
Furthermore, although the case where a wafer periphery was detected in two steps, the phase where only 
the predetermined length LI expanded the rotation member 41, and the phase which only the 
predetermined length L2 expanded, using two detection sensors 71 was explained, this invention is good 
also as using not only for this but for coincidence two detection sensors of the flux of light width of face 
which can detect two points of a wafer periphery. In this case, four points of a wafer periphery are 
detectable at once. In addition, it is necessary to set up flux of light width of face, and to arrange a 
detection sensor so that two or more points of a cage hula may not be detected in this case. Moreover, 
when the wafer which has a cage hula was used, explanation of an about was given, but the same 
effectiveness is acquired even if it is the case where the wafer which has a notch is used. 
[0040] 

[Effect of the Invention] Even if it is the case where the cage hula (or notch) has been detected even if 
(detection equipment), a true pin center,large location can be recognized and a wafer can be conveyed to 
a position based on this pin center,large location of the recognized truth. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing JL] 




[Drawing 2] 




[Drawing 3] 
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[Drawing 7] 
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w-fe^^-{iB?rK^-fe>^-ffifiT?feS iB*t5. 
tt*, (El-, iootui^st!i77 (fcav^ttyy 
f) ^ffllfetrotfcSii^ta, irv^— ai©2 

2 005«»jJ«—&i-3 V* -ffiBT?* 5 1 4HI 
S'JLTB^i-5. */c, fieLVMRWli:*!*-*-***, ^fcB 

#Wtfi!)l:fiwty^- tefiSrWJLTBK 

T-fooTt> (fcfc*U4o«±) , Xo-k^^-^B^rB 

[0 0 0 9] r<7?4 5(r, *»WteJ:fttf, fcit 
agfAS) t]J77 (foSV^I4/->f L ) Sr^tliLTUS 




( 4 ) 



5 

[0010] s*:, *&m<D<?*-^ffimmwi-i. 

4 jR£l±Sr»ffi-t-5 <t 5 Ci^^nt^S r i: b 

srt-e, ^ffl©4A£i±sr«tbi-«^. tarn 

*bl\, 

[ooiii rwjBw^intf, Mtn^eii. *mi--* 

»4£«r»Hii-a»a-fcHu &ffiggli, ^fflir^*^ 
2o#i5t<Ot?fctl.liSO 5„ Mxk<DmUX~t> 20 

[0 0 12] .fcOJWWSfcBu ftMBttUStVtt, gfj£« 

g£#A5?gl<Dm3?£:, K*l 0*Afc* 30 

3i— ?3i — ^W-feV*— • Ct@<D 

««Sr*«>S*2«)St||ti:, Srfr5 r bv\ * 

#, US fiSSSl 

wM0*>^Htt«©4j«tt&#ASfS2^«*i:, SrfT 40 
ot, ^i— ffiew^WSrjaactwJ; <? 4o 
EA-hsft&Sr £75S$f£bV\, 
[0 0 13] SR3l«iflftt, 

tt&f-SCHiU ^3i-/n£, illrfBiftttSMsf 

^SrfiiiSSMffcJ: 0»»b-C»a6i-S»rB!lb, 50 
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• bfcH«)-fc^#-ffill»c:a-3#*jEbfc»«MRI»-c«r 

■f 5: t*s*f*bv\ 
[0 0 14] *>5VM4, ^SrlMrlE0?3eo3ffi«fc« 
5<oir^S^S^ibx-^^*fB1Sb, iUlES 

^*W£o{Mfc*aS-t-3£ £ bv\ 
[0015] 

A&aiaiiiojBfBfco^TtMi-t-s. mi K^-t-j: 

«Wii«ft3fi« l o tt» (¥4r(Mt|&*£K»^. 
teif^v-^A^i — /n) WSrF*3$Bt^iEbT, rro? 

jES*^*?)fc*ws/S;^i if^Jfi/t^IW© 
<?*.—^W%mW. 1 0rt^l£A-r-5fc«)K)n— Kn->^ 
i6ai> ^fc^^i^-'M&ft&W^ic — ^W?:gf 1 
0#t-l:»at5fcft«n-Kns'^S6bi < ?3i — ^ 

^itP-KDy^i6b b<Dmx~Wim-rz)fz.it>cD^>- 

^5a, 5b, 5ct, ^ai— /N^03 4^±SrtfeUi 

miai-5ffl»§l5 9 (0 2) S:«KiTtaB&«JsS;$^T 
[0 0 16] r«D5*>> ^VK7 («RSI«Mfl) 4li, 3t 

0tb"siti^[HitiiSB#4 1 b, zcommnuA i<D-m^ 

K«t fen, b-C««i-<5^ K/W4 2 

irSrffix.T«EB&«^;SnTV^, C<0^ K^4 2 HI 
3*siVH4fc*i-J:5»-» «*.tf»U^Rospffi?g*t 
*4U -troiffi-eC*— ^WSr««F-T5. Sib 
gBW4 1 (i, 3t^4 3ri>fe^ K/U4 2*-C-<08EPSf SrfB 

K/U4 2(4, mm^U4 lommRVfaffiizwox, m 

^3rt, P-KDy^irt6a, 6b, *3iTJ«SJC«P 
lF^Sr^t&b, rco^ti)ic#*3-tirT^/< K/U4 2±<£>? 

[0017] Sfc, 13 1 Jw^-t-«t 5 fc, 1 (*3(w 

nSf-feT"^ 2ttWL\-tbiXX\^„ 04J^i-J; 51-, 

ir, VH*i9&-y-±7* 2 l<ntemz**>*< 0»b*»n, K 
rt{Wf-ty^ 2 l i:^^s^bVNna^co^I!l-y-fe7 p ^ 
2 2t, ^ffixT«lB&«^$nTV^?, <) rropfe^flij-^ 




( 5 ) 



7 

±79 2 2<D±maL ffiCO 2 2 1 tW&£tlX\t* 
5o :wiC9 2 2 iil ^fc o ^^r'>^y^SC0^^^ 

HfT 3mrai» ****fHCR3feS 

5 e ifcrort«tt/# 2 1 ft, 2 

9 2 2 lrtlcff Lfcl?, ICO 2 2 ll^^x-^w 10 

[0 0 18] r r.T% /nK/U4 2±<&£ j:— ✓nWStJSC 
<9 2 2 1 ^ftB-f-SRof-ir^^ 2co»f^froV>T, El 
4SrffiV^tttWt5. 5fe"f\ /<h>4 2±C«WSftfc 
/NW«:rt«*-k^ 2 l ^KJiic^bfc^ST- 
K>^4 2£:f£lt$i*r£ (KTF, r<7)^K/^4 2^<|± 

*2 1 2 ±9 fcii5<±#$-fr5 t (EI4<o 

(b) ~E]4<D (c) CO^t®) , **t*-e^K^4 2± 20 

Xtotshltvmizmrr* W4<n (c) o r 

:t*. HI 4 (b) (c) -ettu ^wirj: 

0 rtflHHr:?'* 2 1 oi^fti4< ftSO&S&iti-S 

9*^wS:rt«t-fe^ 2 l ^S«rS*fc«Jc:, 

ttwr, rtfJWU-ir:/* 2 15:, ^M^±79 2 2 
9 2 2 1 £Si^_bBriS«&ffi— £45 i 
^i^r^o rftfcJ:!?, !>xWNWMC9 2 2lrtl:« 30 

•Y^jSSSW!?*— AWiffiCD 2 2 l±*»fe/<K/U4 

^•ir^2 1 Sr_h#$^r^C^tcj:9, ^K/i-4 2<fci9 
fciSv^a^^S^-e 1 ?^— ^WSrffiCt) 2 2 1 a>feJb 

^EV^T. rtfiJlHr:/* 2 1 2 ± 9 t>{6W£§ 

W£tltiWm\ZWU-tZ>o 40 

[0 0 19] mmm3ft<DRj&>)FlW<Dftm (n 

-Kny^t6b«) KB, R«ffl^e>»ttl*nfc3i 

*p-&3 ltfSRftfeih/O^ (Ell) o ^^^ip-^3 1 



2002-319612 

8 

T-ft4<, -K. /<K^4 2trj:0?&Sp-&3 l±*^Jft 

*s* i<D$tmimn+. ^f>4 2it »rfc4* 

[0 0 2 0] ftfc, #«Wfc«3±S*riJ-?*>ai*ttJS 
1711 2o<D«Sliityt7 1, 7 1 «M»*.-0»Mt£*l 
TV*4 (BS3) o 1, 7 111, 1215 

5 tn^en. mizm (M%.it. i6mmg 

WftJfEK 1 , K 2 «r*ta-f-5»#» 7 1 a £ , CtftJfcK 

i, K2<D^wmz£%m<9$s$:%im-*jmt£%:yt&7 1 

71, 7 1 OTfSfili, K^4 2\z&ft&tiX<?^~ 
^tgB7 1a, 7 1 a £ 9 ttffi £;tx5}feJfcK 1 , K2©- 

Kl, K2#|BII«MJ75FfcJ:9a6ftSCi^4 
t\ i:V^5*#2S:j«fci-J:5 4fi«4:*oTV^5 0 2 

«*H3Ctf0?#JfcK 1 , K2#2V>(w¥*Ttft 
9, ^o, I^SKl, K2iJiHI:5'x-AW© 

±E*#1, 2Sr«fc-rfci6(c:(±, I*©MK1, K 

U79F«5«J:9 1>*#<>S:5J:5*IHII«*t>o-C» 2 
o^ffi-fe^f-7 1, 7 1 SriEB-rStS^o ^*fcU 
2o©ftWtyt7 1, 7 1 OfEfitfHt^H, Ei 5 

±IB*fl=l*sJ:t;*i l l : 2Sr»fc*tfJ: 
^, toT, 20(0^^7 1, 7KDiaBWtt^- 

i-^ww^Kffiirw^gu^ (2ffl^r) wraSS^, ? 

B-CS)Jxli)t*K 1 , K2<D^r[6]W:P^to/j:v> (%^g|5 7 
1 a*5<fctf§ftg&7 1 bWfitBtira*3^V>) 0 * 

nmnmrnx'te, yt%.Ki, K2<om^^i («#*ft) . 

\z2KDikm-k^-f-7 l , 7 l dSEBSix-CV^a*, r 

tlfi, ^KEWJzptw, !>i-/NWtJ:5*SKl, K2 

-tirSfc*, W3}<n%$(.K. 1 , K2<Di|ie^[6]^qz:ni:^ ; 5 
EfitJfttv^. 2ow«|lityt7i, 7 1 

<73%7fegl5 7 1 a 14. ^Jxli. WfE3t^K 1 , K 2 




( 6 ) 



*XTV^5 0 §#£157 1 b!4, i?x-/>W<7)^»l|| 

b-CWfE3t^K 1 , K 2 SrS3fSTttfc»3t» 7 1 

SKI, K 2 WffiPS) 14, Jtflsttlrtt. 120 
mmit5, 10 
[0 0 2 1 ] El2tr^-r± ^ (r, fft|#pgB9J4, c 

PU9 1, ROM9 2, RAM9 3?!;ix.tifil^}l 
"0^5. C P U 9 1 (4, ^tlJ&ftigB 1 0 CD 

T*fc5, ROM9 2I4, CPU 9 1 J;3ffiimffi*3 ±tf 
IBtibfcbOTT-foSo £/c, RAM9 314, CPU9 1 

am) 20 

[0 0 2 2] ::f, ^ K^4 2±COf>ai— AWWty 

5. ft-r, «kasE«7«>t(«a-fevih7 i, 7ik±!5, 

— ^Wfr±53tJKKl, K2cojffi«9ti) 14. fBI»gP9fc: 
A^$tvS„ £<bK:, $!Jffllgi59COCPU9 1(4, &ttj-fc 
>t71, 7 1 i«9A*$nfc^tBffli, ^#fE®£;ft- 

fcl^lHtyt7i, 7 1 co^st, ic:S-3#, 

wro^-jico&as:**5^i <Dmn%n 5. re 

1, G2t$)5i:t5„ ) J cort-C'fot), 5!7felS5 7 1 
a cofiESt>'(6]^i:, ^W^t&ffiirlrJ; (3 Jg* 

6tC0T-^5o -hfE^l cdS^lK: 4 9*«0fc^^. 

— ^WCD^ilcofi;®f;:^5#, AWrotV^- f£ 

v^-fiSSrWJb-C, rnSr*«)-fcV#— ffi«i:B« 40 
[0 0 2 3] &fc, 1 0 14, fltr|BBMI$n 

(4, 0Hx.fi, 8KM^3I*JCD, K/£*p 1 ffillcofi-pi (o- K 
v?8£ti;tT^5 0 Lt> ^^4 2J:©^i-/xW 
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/W4 2±*»fc;*y-S?8±K:fMftL-ca»e>, ffilEBMt3 

t71, 7 1 {4, /^K/W 2Jhl£fltttLfc93:'-/xw* 
^-^Wc?it^;£fa^ffiiJcD2££, »cv>-C, '&mm<r> 
[0 0 2 4] D-Kn-y^l6art©|)i-/NW 

[0 0 2 5] n- Kuy^iB a l*3Ki4, flafctfc©?* 

-f\ d— Kn s/^g6 a ftco^ — ^W5r 1 tic, 
4 2±Kifc#$ii-5»;il4, y- ]•/<*:/ 5 b SrMftffilw 
K/U4 2^n— Kn -y^^6 a 5rf^< 4: b 
mmWtiA 1 SrlHlSft^-^r, Is]ibSl5«-4 1 Sr#ft$-fr5„ 

#4 1 SriRfcTpa-'NWSriRafeSartfclRAU ^~ 
h'W5 bSr(H«ttfci-<5— [e]Ki$l5*t4 1 5rWff 
[H]«9 tdlUStl^-erSo /<K/U4 2*5^^— v'SStIrK^T* 
Hltba*r4 1 S:[Hli&^-ar-5 (H3W«1B) t, rcoElft 
§r^±$-tir, (SH&SW4 1 S:#*S*T^KA'4 2±co 

[0 0 2 6] ^03«Hfc03fflefc*5V^T» IhIWi^ 

4 1 5rgif^*L i *r^#«***:a»-e» itm-fe^ 7 

1, 7 1 CDSgftgB 7 1 a , 7 1 a 4 t> *|-fctt&*t£;SK*C9 

ki, K20»9«, -i-ttto%>. ^(D§3tg87 1b, 
7 1b(c4S^UJtt (2o) (4, ffl®&9\Z*.Jj£iX, 
RAM9 3lcfEtt$^5c 'ifc, dix^ 2ocottaifit5r 

(^^-/NWCOittf^lSl^ffifflCO^COfirtt) iaitWft 
l±5MSB ' (9*-^W©JBtT*|Sl**»««?2Effl!l©ffi 
m) J!i*ftf>h5 (0 7 (b) ) „ $e>^^*— ^Wco 
^SiSrtiff^-yr, IU«iSB«-4 1 SrBlf«SL2 (*nmffl 
<Dm&. ^Jx.l4L 2 = L 1 + 1 6 0 mm) f£tt#ft$-fr 
feSP^T*, M*W3tSKl, K2t)S, ^^-/NWCO^ffi 

t<o»*«?S3t»U:J:5«kffiffi (2-3) t, ^(wSW 

(DtiLW.) W±(C*3V^T, fP"g-40CO^ttJ 

[0 0 2 7] -eco^t^^-xNWco^iiittit^U. 
f$ltU ^7^— v ? 8d5±#LT^ K^4 2±cO!7^-/^ 




( 7 ) 



x-^8£-ci£»)£-±3 — XX\ ^-AW©I«ty 

[0 0 2 8]Jtf, ^W<7^JSWft«£:*i6.5fc 
*©**JS«3R«rJEKli-5. Z<o&*&mXtt* 
^Wtr/<KA'4 2±i:EU<ft»L*:i#l: > ±IE#H 

SSgLfc^i — />W©tyJ- ££HS:1Sj&0 (0, 0) 10 
tU ^t 1 — ^8^(6]^5 ^WC0iiff*-|6]SrYtti 
t-»**T»e>n5X-YipaBffia{5RT?*)5 (0 7 
(a) #{&) „ rrt*> /< K^4 2 le:J:5 >?a.— aWW 

ia-?1>, ^K^4 2Sr9fJfewfltJhffifli (MfESgffiS) 
4t?8HilS*-5r tJwit), /<K/i-42J:©!?x-/nW 
SrlMr:/* 2<Dffi<*<9 2 11 ©4 3 <frlw;f£«-C#5flM ! £|fc 

;H4, S$ lmmSr^lCl t-r?) 0 

[ 0 0 2 9 ] — ^W£v< KA-4 2lllEL< 20 

Wttellttf. !?*-^WW^ffl«)4tt0fS:«aibfc 
#&^**5 4oro*ttJffiaiSrA (a, b) , B (- 

a, b) , C (-a, -b) , D (a, -b) XhZ>k 

MIBttUlt Ofe*<D&!J*B) i, ^*IE*<**tfcl*Hi-fc 
yf7 1, 7 1 (Mx.ll ±E«fjfeGl, G2) 

bits, 30 
[0 0 3 0] :;f, ^ttJffits *Uiffi«i:©»J«:fco 

14, ^ix J Ptt2ii<?(r^(trtfrfES*^^wM«^^ 

ii<9coMtl£l4, ^wcQ^JlSr, 0gi§B*t4 1 & 

**i-5B8fc«v^b^5ffi«i, j3r£«L 2 

Y«&*|6lWif*>b{R!l {*7—V8MtmWinW4 1 <d3l 

Gl, G2I1 41 1 6ramWJt^L 1 , L 2 <7?<1^(6] 
•bXhZ<DX\ MZ-t£, 7mmT-fc;ft,(4, tfcffl 

tiSGl, G2i>3t^ 
81! 4 3 iC 1 mmf JltV^S C i A^^5, JEot, r 
fc>4§£\ ^ftSEtSSft-C^S^G 1 , G2roYM«75- 

1 SrttUSIv^tt^C*— ^ffltt«WYffi«i:4 
5. r<D45ft&^3r, I°!lbgBW4 l =Sr^r^ftL 1 fctt 50 
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■e^tfpri^it), ±i24o<D^tliffiSA (a, 

b) . B (-a, b) , C (-a, -b) , D (a, - 

b) ©•tnf^Ylg«S*ftfeiX5. XJ&Kt- 

2o<D&iiJ-t?^-+7 1, 7 1(4, MKl, K 

fc*5, :©i9l:^Gl ( G 2<7?ffi«l£:2il<5 
S^fci©^ *SUt»«8-eH:» E»)glW4 1 *r3f 
3e«Ll^»t#ft$-fr/ta»i:, gfje*L2 (=L1 + 
1 6 0mm) t£m*&£^tz.m$b<0 2Wm\^ftrtX. 

$ *.—^<Dt[-m : &&im-fz>tztbX'hz 0 Mitf, -m© 

a?)5tet>WT?fc5WCBI^«&) £, 1, 7 1 

{wMLYtt*|6](rftoT 1 6 OmmliflPB-eESU 
fe2»otfta-fe^ (M4o) gi^i-^ 
^JlOT4^;Sr1ttU-rS4 5t=mtf. :©J:5fc2I9 

[0 0 3 1 ] #;fr, K^4 2±co^3i— -^w^IEU^ 

v*3) "Ttetti s fc5t^©l7x-AWWt^-ttfS: 

p (x, y) tu :©f^i:, -km^Mtrnmizmw 

$tLfc4oo^t±iM«5r, A' (a, b + y,) , B' 
(-a, b + y») , C' (-a, -b + y 3 ) , D' 
(a, -b+yj X&Zk-rZ 17 (b) ) . 4 
*=, _hj£<75 4 2oOltffi-fe->'-^7 1, 7 114, 5t 

SKI, K2£><g2r|6] (S^t^l) 1^mco^(7)!i7^ 
— ^NWiO^Dj^rS] 45i 5 lwE«S*vO*3fc 
ft, ±IB»affi«D', A'OTXM^I4, Htat4 

a t/.eoT— Sc-r^o rofcft, «fcKWi-s«Hts;*s 

fWK&oTV^-So Sfc, y,, y t , y a , y 4 t^OV^T 
(4, 4o©^UJIiA' (a, b+y,) , B' (- 
a, b + y,) , C' (-a, -b + y 3 ) , D' (a, 
-b + y J (O-tiX-fnwYffi**^. ±1540(7?^ttS 
MSA (a, b) , B (-a, b) , C (-a, - 
b) , D (a, -b) ©^Mil©YliSriL§l<: 
bX-XitoZZ.btfX'ZZ. 

[0 0 3 2] 1217 (b) IZ^-TE-fkBA ' B ' 

P, 'CP, ' D ' P, E.fti&D ' 

A'PI4, -?-n-?tt^3i— /^W<©^gSr^LV^2i23t■t" 
Sl^iaH^fffeS, 0iJ^l4, H^^B ' C ' p%m 
iZkZh* B ' C ' 

imi] 

fiSB'C'= (b+y z )-(-b+y 3 )=2b+y z -y3 - (1) 

tteZo iaB'C'W^MEit^t^ EC' 

we $ 14, 
[&2] 



13 



( 8 ) 
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ft*EC'= "B'C'.Wya. ...(2) 

[«3] 

fiaEP=Vl002-(SSEC') z -(3) 

y={-b+y 3 )+«*EC'=(-b+y 3 ) + 

£&5„ ±lfi (4) **S±t5 (5) St« ±iE#A6fcy 10 

C ' oMKS^eftJtSftfe-lrv^H&BP (x, 
y) Offifl(«>^1t (SlMClttS) * 
fc, H^D ' A ' PKoV'-CfclHHUfc* -fe^-tee 
P (x, y) ©IfOil (!2iiC 2 
bino*$5. £ <bfi, H^I^A'B'P, H^^C 

-fcV^-ffiBP (x, y) Cliroil (flS3«S*fC 
3, *iJ:tfS4«*fctC4) ;!>s#:£5. 
[0 0 3 3] 4^><Dmtamm(D\,^-rifhiK * 20 

(x, y ) -?ibZ>kW1333:immztiZ. te*, ^i" 

n^io©^ffiai/)sty 7 7£&tbL7ttro-e£>54& 

-etP (x, y) T*5i:fl9Jj8J:rfB«Six*. o 30 

v^tntLTt,, Kcty^-fiiP (x, y) 
SrSttSCt^ttS, 138 (a) d^-TJ: 

51-, &Wffi$SA ' ?i-/vW©*!)77F^[lJ 

S^#m^5l2ittC2*3itFl3iMC3 (H 
8 (b) ) »i, »©iry ; S'-fifT*li?i< > ttiillA 
' ^v^l^^f 1«C l*ij:tfl4i« 
C 4 tm<n± >?-GLW kttZo 

[0 0 3 4] iWipt-s !>x-/NWfl3SWt>^-ffi 
IP (x, y) <£>fg§£ir, i?8 .h^O^ — aW 40 

©WSTLftb, ifefc, ^F>4 2l:j;5^x-/N 

/NWWKro-tV^-fStaP (x, y) i, itrfEX-YM 
*5fi05JS*O (0, 0) tW-rn*Sr«»i--5„ 

x\ z<nm&\z£<o bixfcrn*«!it. /< kam 2 

t 1 — v?8±(7?^i— 2 ±Cr 

So ^©P&T'li, ■>i-^W«i/<K^4 2±CiEL< 



[«4] 



x=SSEP-a=/iM2-p^ - a ... M 

IS5C5] 



2b+y^y3 _ Y2ty3 
2 " 2 



(5) 



(0, 0) t-a-t-5. 

[0 0 3 5] r.<7? <£ ? — 

2\zfofro/<\?/U4 2<Df?ihffigSr«IE-r-5^ 1 1 
■f-nhf, rtftt/^ 2 1 K/W4 2 i:©^ !) 77^ 
*tf*/hS^»&K:Hu rtflHHr?'* 2 l *s±#-TS6gt- 
tifaWfr^-f* 2 l^^K/W4 2fr*^LTL* 5 "Tffi 
tttfSfcS. ^ftKfcfU #f§|i!<z><fc "7 31— /nW£t 
— a*^— v?8l;i«£\ /^KA^ 2tCfc9, f«>ag#J# 

«) »4feB— JT^&V^;:*, rtfi!tt7'^2 1^K/U 

[0 0 3 6] 4fc, :©i 5\Zs<\f/U4 2tr is !7^- 
^W©««r«HBS:*|iEb*:b, HttSttt 4 l 
b . K/t- 4 2 aSRJSilp 1 Srffl < 4 -eEHMflM* 4 1 

tug 9^0*1$**. ^lt, bKf&& \ t<r> 

l&MU, K/W4 2±c0!7i— 'MVSrSSiF 1 F*3 
>7^— /NWSrtt7*^ 2©ftltt7^ 2 1 

(|SI4ro (b) ) . &v -hfE^JIl^oT^- 
^WI:tt7'^2roSC*) 2 1 1 ±(^Bi--5 (04O 

(c) ) . :rt% /<KA-4 2t£<fc-5r7^— ^VftD&W 
^fcHtjESft-C^Sfc*. ^WI4, flk£ 

i:IC0 2 l lcD(p^Jc«g$ti5. 

[0 0 3 7] Z.<D£?\C ^i-^WSrlCJ 2 111; 
«gbfcb, l3«igB*t4 1 *mtbX->* hVU4 2 frtRgS 
3rtfcRU y-h^7'5aS:H!K®rtt*^ 1 * 

S^7-f-5i:, a SrMV^T^^^f-v' 

bSiOIHU -J3i$£PT§f3 l±-C*ft*P$-frfcm. o— K 
n -^^^6 b— iSSiiLT, ^n— Kn *^6 b 
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0<DmiH±^7 1 £fflV\ tUibgi5*t4 1 Sr^f^ftL 1 
fctt#ft£-fr*:J£Pgi. Sf^ftL 2fc(7#«£-fc>r/c&Rf 
CO 2 Jgpg-T?? ^-^Jl^^ffl-rS^-iroV^TIftBJ b 

ffl<D 2 ^Srlttti «I^<e3t**S<0^m-fe^S: 2 offll ^ 
r t £ LTt>ftV\, r — ^lr^^-/N^ifco4 

<7J2,^±^ttJL.-CL.*?ri:^^V^5l-, ftSE^ 
[0 0 4 0] 
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C4 I4ti 
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